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(54) Inverter circuit for a discharge tube

(57) An inverter circuit for a discharge tube of the
present invention comprises a transformer in which a
resonance circuit is composed of a parasitic capaci-
tance of a discharge tube, and a H-bridge circuit which
drives the primary side of the transformer at a frequency

that is lower than the resonance frequency of the reso-
nance circuit and that involves a phase difference be-
tween the voltage and the current at the primary side of
the transformer, the phase difference falling within a pre-
determined range from its minimum point.
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Description

[0001] The present invention relates generally to an
inverter circuit for a discharge tube for use in an LCD
unit, and, more specifically, to an inverter circuit for a
discharge tube, which ensures high power efficiency.
[0002] Some conventional inverter circuits for a dis-
charge tube operate such that the primary side of a
transformer is driven by a resonance frequency of a res-
onance circuit at the secondary side of the transformer,
which comprises a leakage inductance and a parasitic
capacitance of a discharge tube connected as a load.
Such an inverter circuit is disclosed in US Patent No.
6,114,814.
[0003] This drive by the resonance frequency in-
volves a phase difference between voltage and current
at the primary side of the transformer, so that power ef-
ficiency of the transformer is not necessarily satisfacto-
ry.
[0004] There is another problem that high-order res-
onance frequencies existing at the secondary side of the
transformer cause an accidental operation that influenc-
es undesirably its operation, which gives difficulty in de-
signing the transformer.
[0005] The present invention has been made in view
of the above problems. It is therefore an object of the
present invention to provide an inverter circuit for a dis-
charge tube that has an increased efficiency of a trans-
former and that is free from the influence of the high-
order resonance frequencies.
[0006] In order to achieve the above object, it is noted
that an excellent power efficiency can be obtained when
the transformer is driven at a specific frequency range
where the phase difference is small between voltage
and current at the primary side of the transformer.
[0007] According to a first aspect of the present inven-
tion, an inverter circuit for a discharge tube comprises:
a transformer which includes a resonance circuit com-
posed of a parasitic capacitance of the discharge tube;
and a H-bridge circuit which drives a primary side of the
transformer at a frequency that is lower than a reso-
nance frequency of the resonance circuit and that in-
volves a phase difference between a voltage and a cur-
rent at the primary aide of the transformer, the phase
difference falling within a predetermined range from its
minimum point. Accordingly, the inverter circuit im-
proves the power efficiency of the transformer, and suf-
fers from little influence by the high-order frequencies,
easing the transformer design.
[0008] According to a second aspect of the present
invention, the predetermined range is preferably below
the resonance frequency at the secondary side of the
transformer and covers -30° from the minimum point.
Accordingly, the inverter circuit improves reliably the
power efficiency of the transformer.
[0009] According to a third aspect of the present in-
vention, the inverter circuit for a discharge tube may fur-
ther comprise a burst circuit that outputs a predeter-

mined burst signal, whereby the primary side of the
transformer is driven intermittently. Accordingly, light is
modulated easily over a wide range.
[0010] According to a fourth aspect of the present in-
vention, the burst circuit outputs an inputted pulsed sig-
nal as a burst signal when a resistance that determines
an oscillating frequency is set to be higher than a pre-
determined value, and outputs a burst signal obtained
from a predetermined DC signal and an oscillated trian-
gular wave when the resistance is set to be lower than
a predetermined value. Accordingly, the inverter circuit
outputs easily a plurality of burst signals.
[0011] According to a fifth aspect of the present inven-
tion, when the burst signal goes high, an inverting input
terminal of an error amplifier which feedback-controls a
current of the discharge tube is pulled up, whereby the
primary side of the transformer is inactivated. Accord-
ingly, light is modulated easily and reliably over a wide
range.
[0012] According to a sixth aspect of the present in-
vention, the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an NMOS
are connected to each other in parallel, and a delay cir-
cuit is connected to gate circuits of the PMOSs. Accord-
ingly, the PMOSs and NMOSs in the series circuits are
prevented from turning on simultaneously, thereby pre-
venting malfunction and protecting circuits
[0013] According to a seventh aspect of the present
invention, the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an NMOS
are connected to each other in parallel, and gates of two
PMOSs are caused to rise at respective two points
which correspond to the maximum peaks of a predeter-
mined triangular wave output and which appear alter-
nately with each other while gates of two NMOSs are
caused to rise at respective two points which corre-
spond to the minimum peaks of the triangular wave out-
put and which appear alternately with each other. Ac-
cordingly, it is possible to generate an appropriate signal
that is effective not to turn on PMOSs and NMOSs of
the H-Bridge circuits simultaneously.
[0014] According to an eighth aspect of the present
invention, the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an NMOS
are connected to each other in parallel, gates of two
NMOSs are caused to fall at respective two points which
correspond to crossings defined by ascending portions
of a predetermined triangular wave output and a voltage
output of the error amplifier and which appear alternate-
ly with each other, and gates of two PMOSs are caused
to fall lagging behind falling of the gates of the two
NMOSs. Accordingly it is possible to ensure that
PMOSs and NMOSs are not caused to turn on simulta-
neously.
[0015] According to a ninth aspect of the present in-
vention, a voltage feedback error amplifier is further pro-
vided for feedback-controlling an output voltage of the
transformer. Accordingly it is possible to provide a con-
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stant open voltage of the transformer even in case of no
or poor connection of a discharge tube to the output ter-
minal of the transformer.
[0016] According to a tenth aspect of the present in-
vention, a protection circuit is further provided for inac-
tivating the H-bridge circuit when an output voltage of
the error amplifier exceeds a predetermined value. Ac-
cording it is possible to prevent an overcurrent from flow-
ing in the discharge tube or an overvoltage from being
applied to the discharge tube.
[0017] According to an eleventh aspect of the present
invention, a protection circuit is further provided for in-
activating the H-bridge circuit when an output of the volt-
age feedback error amplifier exceeds a predetermined
value. Accordingly, it is possible to ensure that any dam-
ages to the transformer or any circuits are prevented.
[0018] According to a twelfth aspect of the present in-
vention, a protection circuit is further provided for inac-
tivating the H-bridge circuit when an output of the trans-
former exceeds a predetermined value.
[0019] According to a thirteenth aspect of the present
invention, the predetermined value defined in the eighth
aspect of the present invention is a reference voltage of
a comparator of the protection circuit.
[0020] The above and other objects, aspects, fea-
tures and advantages of the present invention will be-
come more apparent from the following detailed de-
scription when taken in conjunction with the accompa-
nying drawings, in which:

Fig. 1 is a block diagram of an inverter circuit for a
discharge tube of a first embodiment according to
the present invention;
Fig. 2 is a block diagram of a burst circuit used in
the inverter circuit for a discharge tube;
Fig. 3 shows frequency characteristics of the admit-
tance |Y| at the primary side of a transformer with a
resonance circuit formed at the secondary side in
the inverter circuit for a discharge tube of the em-
bodiment according to the present invention, and
frequency characteristics of the phase difference θ
between the voltage and the current;
Figs. 4(A) to 4(E) are timing charts of the operation
of the inverter circuit for a discharge tube of the first
embodiment according to the present invention;
Figs. 5(A) to 5(F) are timing charts of gate signals
in the inverter circuit for a discharge tube of the first
embodiment according to the present invention;
and
Figs. 6 is a block diagram of an inverter circuit for a
discharge tube of a second embodiment according
to the present invention.

[0021] The present invention will now be described
with reference to the accompanying drawings.
[0022] First of all, an explanation will be given on the
first embodiment by reference to Figs. 1 to 5(A) to 5(F).
[0023] Referring to Fig. 1, a resonance circuit is com-

posed of a parasitic capacitance 3 generated between
a discharge tube 9 and a reflector at the secondary side
of a transformer 1. As shown in Fig. 3, the transformer
1 has a maximum power efficiency at the point A0 where
the phase difference θ between the voltage and the cur-
rent at the primary side is minimum. In the frequency
range A to cover -30° from the point A0, the transformer
1 has a power efficiency comparable to the maximum
obtained at the point A0, as seen in the measured data.
The point B is a resonance frequency of the secondary
side, at which the transformer 1 is conventionally driven.
The resonance circuit at the secondary side of the trans-
former 1 may comprise either a choke coil (not shown)
provided in series with the transformer 1 and the para-
sitic capacitance 3, or a part of the transformer 1 (for
example, a loose coupling portion of a magnetic-leak-
age flux-type transformer) and the parasitic capacitance
3.
[0024] The values of a resistance 5 and a capacitor 6
of an oscillation circuit 4 shown in Fig. 1 are set so as
to make the frequency fall within the range A.
[0025] The operation of the inverter circuit for a dis-
charge tube of the first embodiment will be described
with reference to Figs. 1 to 4(A) to 4(E).
[0026] For better understanding, the description will
be made first as for the case where a predetermined
voltage Va at a terminal 28a is not inputted to an invert-
ing input terminal 11a of an error amplifier 11, thereby
failing to modulate light.
[0027] As shown in Fig. 1, a triangular wave output 7
(see Fig. 4 (A)) of the oscillation circuit 4 is inputted to
a PWM circuit 8. A discharge tube 9 for back-lighting a
liquid crystal is provided on a liquid crystal display (LCD)
unit 2 at the secondary side of the transformer 1, and its
voltage 9a is inputted to the inverting input terminal 11a
of the error amplifier 11 by a voltage/current conversion
circuit 10 which converts a current flowing in the dis-
charge tube 9 into a voltage.
[0028] The error amplifier 11 outputs to the PWM cir-
cuit 8 an output voltage 12 corresponding to the current
in the discharge tube 9. The PWM circuit 8 compares
the triangular wave output 7 with the output voltage 12
and inputs a pulsed signal 13 to a counter circuit 14.
[0029] An output pulsed signal 16 of the oscillation cir-
cuit 4 is inputted to the counter circuits 14, 15 and a logic
circuit 29. With the output pulsed signal 16 of the oscil-
lation circuit 4 and output pulsed signals of the counter
circuits 14, 15, the logic circuit 29 generates gate signals
18, 19, 20 and 21 that are inputted to an H-bridge circuit
17.
[0030] The H-bridge 17 is composed such that a se-
ries circuit comprising a PMOS (A1) and an NMOS (B2)
and a series circuit comprising a PMOS (A2) and an
NMOS (B1) are connected to each other in parallel. The
H-bridge 17 operates on the gate signals 18, 19, 20 and
21 so that AC current controlled within the frequency
range A flows at the primary side of the transformer 1,
whereby the discharge tube 9 in the LCD unit 2 is driven
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with a good power efficiency.
[0031] Therefore, a burst circuit 22 (to be described
later) does not operate, and if the predetermined voltage
Va from the terminal 28a is not inputted to the inverting
input 11a, light is not modulated, the current in the dis-
charge tube 9 is inputted to the inverting input 11a of the
error amplifier 11, and the discharge tube 9 is feedback-
controlled thereby performing a constant-current control
within a frequency range for ensuring a good power ef-
ficiency.
[0032] The operation of the burst circuit 22 for modu-
lating light of the discharge tube 9 will be described.
[0033] Referring to Fig. 2, the burst circuit 22 compris-
es a CR oscillator 40, a triangular wave voltage gener-
ator 41 and a comparator 42, and can be set to either
one mode in which a resistance 23 is set to be higher
than a predetermined value whereby a predetermined
pulsed signal 24 inputted to a duty terminal 24a is out-
putted from the burst circuit 22 as a first burst signal 25b
(see Fig. 4 (D)) or another mode in which the resistance
23 is set to be lower than a predetermined value where-
by a triangular wave voltage 27 (see Fig. 4 (B)) deter-
mined by the resistance 23 and a capacitor 26 and os-
cillated, and a DC current 36 (see Fig. 4 (B)) inputted to
the duty terminal 24a are compared with each other and
a second burst signal 25a of the pulse wave (see Fig. 4
(C)) is outputted.
[0034] when the burst signal 25b from the burst circuit
22 is "H(High)", a transistor 28 is turned on, the error
amplifier 11 outputs to the PWM circuit 8 the output volt-
age 12 corresponding to the current in the discharge
tube 9, and the H-bridge circuit 17 is operated, whereby
the discharge tube 9 is activated with the pulse wave
shown Fig. 4 (E).
[0035] When the burst signal 25b from the burst circuit
22 is "L(Low)", the transistor 28 is turned off, the invert-
ing input terminal 11a of the error amplifier is pulled up
to a predetermined voltage Va applied to a terminal 28a,
the error amplifier 11 is inactivated, the operation of the
H-bridge circuit 17 is stopped, and the discharge tube
is inactivated.
[0036] Thus, the discharge tube 9 is activated inter-
mittently by the first burst signal 25b, and has its light
modulated. In the case where the second burst signal
25a is used, the discharge tube 9 has its light modulated
in the same way, therefore either of the burst signals can
be used selectively.
[0037] In addition, a signal 33 generated by dividing
the voltage at the output side of the transformer 1
through capacitors 31 and 32 is inputted to a protection
circuit 30. The protection circuit 30 stops the operation
of the logic circuit 29 when the voltage of the signal 33
exceeds a predetermined threshold value, preventing
an excessive current from flowing to the discharge tube
9. Since it can happen that the PMOS (A1) and the
NMOS (B2) connected to each other in series or the
PMOS (A2) and the NMOS (B1) connected to each oth-
er in series in the H-bridge circuit 17 are turned on si-

multaneously when the gate signals 18, 19, 20 and 21
fall simultaneously, a delay circuit 35 is provided.
[0038] Figs. 5(A) to 5(F) show timing charts of gate
signals in the inverter circuit for a discharge tube.
[0039] Referring to Figs. 5(A) to 5(C), the gate signal
18 to the PMOS(A1) and the gate signal 19 to the PMOS
(A2) are caused to rise by the counter circuits 14 and
15 and the logic circuit 29 at points 18u and 19u, respec-
tively, which correspond to the maximum peaks of the
triangular wave output 7 and which appear alternately
with each other and to fail at points 18d and 19d, respec-
tively, which correspond to the crossings defined by the
ascending portions of the triangular wave output 7 and
the output voltage 12 of the error amplifier 11 and which
appear alternately with each other. The PMOS (A1) and
PMOS (A2) are activated by the gate signals 18 and 19,
respectively.
[0040] Referring to Figs. 5(A), 5(D) and 5(E), the gate
signal 20 to the NMOS(B1) and the gate signal 21 to the
NMOS (B2) are caused to rise by the counter circuits 14
and 15 and the logic circuit 29 at points 20u and 21u,
respectively, which correspond to the minimum peaks
of the triangular wave output 7 and which appear alter-
nately with each other and to fall at points 20d and 21d,
respectively, which are equal to the points 18d and 19d,
respectively. The NMOS(B1) and NMOS(B2) are acti-
vated by the gate signals 20 and 21 respectively.
[0041] As will be seen from Figs. 5(B) to 5(E), the tim-
ing of rising of the gate signals 20 and 21 is delayed with
respect to that of the gate signals 19 and 18, respective-
ly. On the other hand, the timing of falling of the gate
signals 18 and 19 is delayed by a predetermined time
t1 by a delay circuit 35 so that the PMOS(A1), PMOS
(A2), NMOS(B1) and NMOS(B2) may not turn on simul-
taneously.
[0042] Therefore it becomes easy to generate appro-
priate gate signals 18, 19, 20 and 21 that do not make
the PMOS(A1), PMOS(A2), NMOS(B1) and NMOS(B2)
turn on simultaneously, by association of the triangular
wave output 7 and the output voltage 12 of the error am-
plifier 11.
[0043] As described above, the inverter circuit for a
discharge tube of the first embodiment according to the
present invention improves the power efficiency of the
transformer, and also suffers from little influence of the
high-order frequencies due to the frequency being set
to be lower than the resonance frequency, whereby the
transformer can be designed easily.
[0044] Referring to Fig.6 showing the second embod-
iment according to the present invention, the inverter cir-
cuit for a discharge tube includes a voltage feedback
error amplifier 51. The voltage feedback error amplifier
51 compares the application voltage signal 55 of the dis-
charge tube 9 inputted to an inverting input terminal 51a
with the predetermined voltage Vc to output to the PWM
circuit 8 an output voltage 52 according to the voltage
applied to the discharge tube 9. The application voltage
signal 55 is obtained by dividing by resistances 58 and
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59 the voltage appearing at the connection point be-
tween capacitors 31 and 32 connected in series with the
secondary side of the transformer 1. The voltage feed-
back error amplifier 51 also outputs the output voltage
52 to a protection circuit 50. The protection circuit 50
which includes a comparator circuit is connected to a
resistance 57 connected in series with the secondary
side of the transformer 1 to receive an output current
signal 53 from the transformer 1.
[0045] The operation and the circuit arrangement of
the inverter for a discharge tube according to the second
embodiment is same as those of the inverter circuit ac-
cording to the first embodiment except the protection cir-
cuit 50 and the voltage feedback error amplifier 51 and
therefore explanation thereof is omitted.
[0046] Now, operation of the protection circuit 50 and
the voltage feedback error amplifier 51 of the inverter
circuit according to the second embodiment will be ex-
plained.
[0047] As shown in Fig. 6, the voltage feedback error
amplifier 51 compares the application voltage signal 55
inputted to its inverting input terminal 51a with the pre-
determined voltage Vc and outputs an output voltage 52
to the PWM circuit 8, so that feedback control is per-
formed for application of a voltage to the discharge tube
9. With this control, an open voltage to the transformer
1 can be controlled to its predetermined value even in
case of, for example, no connection or poor connection
of the discharge tube 9 at the output of the transformer 1.
[0048] When the output voltage at the secondary side
of the transformer 1 can show an abnormal value in case
of, for example, no or poor connection of the discharge
tube 9, the output voltage 52 of the voltage feedback
error amplifier 51 or the output current signal 53 of the
transformer 1 is compared with a reference voltage of
the comparator circuit included in the protection circuit
50. And if the output voltage 52 or the current signal 53
exceeds the reference voltage of the comparator, the
protection circuit 50 stops the operation of the logic cir-
cuit 29, thereby preventing an overcurrent from flowing
into the discharge tube 9 or an overvoltage from being
generared by the transformer 1.
[0049] A slow start circuit 34 outputs a relatively slow-
ly increasing start drive signal 56 to the PWM circuit 8
in order to prevent an overvoltage from being instantly
generated at a time of start of the circuit. In consideration
of instant generation of such overvoltage due to some
cause at a time of start of the circuit, the protection circuit
50 may be designed in such a manner that the logic cir-
cuit 29 is caused to stop its operation, when the output
voltage 12 of the error amplifier 11 or the output voltage
52 of the voltage feedback error amplifier 51 exceeds a
predetermined value after a predetermined time set by
a built-in timer and that the logic circuit 29 is prevented
accidentally from ceasing its operation.
[0050] The protection circuit 50 also functions to
cease the operation of the logic circuit 29 when the out-
put current signal 53 of the transformer 1 exceeds a pre-

determined value which falls out of its normal range. In
this way, the transformer 1 and these circuits are pro-
tected from being damaged.
[0051] According to the second embodiment of the
present invention, in addition to the technical advantag-
es obtained by the first embodiment, it is easily possible
to prevent an overcurrent from flowing in the discharge
tube 9 or an overvoltage from being generated by the
transformer 1 and also to prevent any damages to the
transformer 1 and all the circuits.
[0052] While the illustrative and presently preferred
embodiments of the present invention have been de-
scribed in detail herein, it is to be understood that the
inventive concepts may be otherwise variously embod-
ied and employed and that the appended claims are in-
tended to be construed to include such variations except
insofar as limited by the prior art.

Claims

1. An inverter circuit for a discharge tube comprising
a transformer which includes a resonance circuit
composed of a parasitic capacitance of a discharge
tube characterized by a H-bridge circuit which
drives a primary side of the transformer at a fre-
quency that is lower than a resonance frequency of
the resonance circuit and that involves a phase dif-
ference between a voltage and a current at the pri-
mary side of the transformer, the phase difference
falling within a predetermined range from its mini-
mum point.

2. An inverter circuit for a discharge tube according to
claim 1, wherein

the predetermined range is below a reso-
nance frequency at the secondary side of the trans-
former and covers -30° from the minimum point.

3. An inverter circuit for a discharge tube according to
claim 1, further comprising

a burst circuit for outputting a predetermined
burst signal, whereby the primary side of the trans-
former is driven intermittently.

4. An inverter circuit for a discharge tube according to
claim 1, wherein

the burst circuit outputs an inputted pulsed
signal as a burst signal when a resistance that de-
termines an oscillating frequency is set to be higher
than a predetermined value, and outputs a burst
signal obtained from a predetermined DC signal
and an oscillated triangular wave when the resist-
ance is set to be lower than a predetermined value.

5. An inverter circuit for a discharge tube according to
claim 1, wherein

when the burst signal is high, an inverting in-
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put of an error amplifier for feedback-controlling a
current of the discharge tube is pulled up, whereby
the primary side of the transformer is inactivated.

6. An inverter circuit for a discharge tube according to
claim 1, wherein

the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an
NMOS are connected to each other in parallel, and
a delay circuit is connected to gate circuits of the
PMOSs.

7. An inverter circuit for a discharge tube according to
claim 1, wherein

the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an
NMOS are connected to each other in parallel, and
gates of two PMOSs are caused to rise at respec-
tive two points which correspond to the maximum
peaks of a predetermined triangular wave output
and which appear alternately with each other while
gates of two NMOSs are caused to rise at respec-
tive two points which correspond to the minimum
peaks of the triangular wave output and which ap-
pear alternately with each other.

8. An inverter circuit for a discharge tube according to
claim 5, wherein

the H-bridge circuit is composed such that two
series circuits each comprising a PMOS and an
NMOS are connected to each other in parallel,
gates of two NMOSs are caused to fall at respective
two points which correspond to crossings defined
by ascending portions of a predetermined triangular
wave output and a voltage output of the error am-
plifier and which appear alternately with each other,
and that gates of two PMOSs are caused to fall lag-
ging behind falling of the gates of the two NMOSs.

9. An inverter circuit for a discharge tube according to
claim 1, further comprising a voltage feedback error
amplifier for feedback-controlling an output voltage
of the transformer.

10. An inverter circuit for a discharge tube according to
claim 5, further comprising a protection circuit for
inactivating the H-bridge circuit when an output volt-
age of the error amplifier exceeds a predetermined
value.

11. An inverter circuit for a discharge tube according to
claim 9, further comprising a protection circuit for
inactivating the H-bridge circuit when an output volt-
age of the voltage feedback error amplifier exceeds
a predetermined value.

12. An inverter circuit for a discharge tube according to
claim 1, further comprising a protection circuit for

inactivating the H-bridge circuit when an output of
the transformer exceeds a predetermined value.

13. An inverter circuit for a discharge tube according to
claim 10, wherein the predetermined value is a ref-
erence voltage of a comparator of the protection cir-
cuit.
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